1 8 Specialized ommatidia harboring polarization-sensitive photoreceptors exist in the 1 9 'dorsal rim area' (DRA) of virtually all insects. Although downstream elements have been 2 0 described both anatomically and physiologically throughout the optic lobes and the 2 1 central brain of different species, little is known about their cellular and synaptic 2 2 adaptations and how these shape their functional role in polarization vision. We have 2 3 previously shown that in the DRA of Drosophila melanogaster, two distinct types of 2 4 modality-specific 'distal medulla' cell types (Dm-DRA1 and Dm-DRA2) are post-synaptic 2 5 to long visual fiber photoreceptors R7 and R8, respectively. Here we describe additional 2 6 neuronal elements in the medulla neuropil that manifest modality-specific differences in 2 7 the DRA region, including DRA-specific neuronal morphology, as well as differences in 2 8 the structure of pre-or post-synaptic membranes. Furthermore, we show that certain cell 2 9 types (medulla tangential cells and octopaminergic neuromodulatory cells) specifically 3 0 avoid contacts with polarization-sensitive photoreceptors. Finally, while certain 3 1 transmedullary cells are specifically absent from DRA medulla columns, other subtypes 3 2
We have recently shown that medulla columns in the DRA region of the fly visual system 1 0 6 contain two types of modality-specific 'distal medulla' (Dm) cell types (termed Dm-DRA1 and 1 0 7
Dm-DRA2) that are specifically connected to either DRA.R7 cells (Fig. 1e ,f) or DRA.R8 cells 1 0 8 ( Fig. 1g,h) , respectively (Sancer, Kind et al. 2019) . Importantly, these cells exclusively contact 1 0 9 polarization-sensitive photoreceptors while specifically avoiding colour-sensitive photoreceptors. Outside the DRA region, Dm8 cells within layer M6 collect visual information from ~14 1 1 1 6 collect signals from neighboring DRA ommatidia with slightly divergent preferred e-vector tuning GFP pAb rabbit(1:1000) , anti-GFP pAb goat (1:1000), ,anti-Ncad (DN-Ex #8) rat (1:100), V5 1 7 0 epitope tag antibody Dylight™ 549 conjugated rabbit (1:1000). Secondary antibodies were 1 7 1 diluted at 1:500 and were as follows: anti-chicken Cy™5 donkey, anti-rabbit BV480 donkey, 1 7 2 anti-goat Cy™5 donkey, anti-rat Cy™5 donkey, anti-rabbit Cy™5 donkey, Jackson Immuno 1 7 3
Research anti-rabbit Cy™3 donkey, anti-mouse Alexa Fluor® 594 donkey, anti-mouse Cy™5 1 7 4 donkey, anti-rabbit Alexa Fluor® 488 donkey, anti-rat Alexa Fluor® 488 donkey. used. Image stacks were acquired in resolution of 1024x1024x0.5μm with a 63x lens. from MCFO data stacks were obtained by using the Surface and masking function in IMARIS. Contact points for neurons were determined according to photoreceptor surface and cell surface length (which corresponds to the length of the column from M0-M10) was normalized. Graphs were plotted with R and the individual medulla layers were annotated based on their medulla 2 1 1 coverage along the distal-proximal medulla axis described by Fischbach and Dittrich (Fischbach 2 1 2 and Dittrich 1989). In order to characterize both the single-cell morphology as well as the synaptic 2 1 8 connectivity of cell types in the DRA region of the medulla, we first screened a collection of 2 1 9 previously published Gal4 drivers specifically expressed in different 'distal medulla' (Dm) cell Dm8-specific driver lines (Sancer, Kind et al. 2019) ), only Dm2 cells appeared to be modality-2 2 2 specific, i.e. any given single cell clone located at the dorsal edge of the medulla never morphology was rather uniform across the medulla (DRA and non-DRA). In the DRA, GFP 2 2 6 signal from Dm2 cell processes formed a rather sharp peak in layer M6, whereas non-DRA Dm2 2 2 7 cell signal was flatter with a longer tail towards more distal layers ( Fig. 2 a,b ). In agreement with 2 2 8 this, the overall intensity peak of DRep2:GFP signals from Dm2 cells (a marker for labeling 2 2 9 putative post-synaptic membranes) was shifted towards layer M6 when compared to non-DRA 2 3 0 Dm2 cells Fig. 2c ). Interestingly, presynaptic signals (visualized using brp D3 :mKate) in M6 were 2 3 1 reduced in DRA columns, when compared to non-DRA signals (Fig. 2d ). The activity-dependent 2 3 2 version of GRASP (see materials & methods) revealed reconstituted GFP signals (and therefore 2 3 3 potential synaptic connections) between photoreceptors (presynaptic) and Dm2 cells 2 3 4 (postsynaptic), both in DRA and non-DRA columns ( Fig. 2e ). In non-DRA columns, these 2f). The signal was also detectable into the DRA where it was more restricted to layer M6 2 3 7 (arrowhead in Fig 2f,g ). An R8 contribution to the signals there (also labeled by rh3-Gal4) 2 3 8 appeared unlikely due to a lack of signal using a DRA.R8-specific driver (Sancer, Kind et al.
12
We next visualized single cell clones of Dm9 cells in the DRA, since this cell is believed 2 4 1 to be a major synaptic target of both R7 and R8, while providing synapses back onto these slightly between DRA and non-DRA columns, reaching into slightly deeper layers in the former 2 4 4 ( Fig. 3a,b ). Importantly, a given clone located at the dorsal rim shared photoreceptor contacts 2 4 5 with both DRA and non-DRA columns, pointing towards this cell type not being modality-specific 2 4 6 ( Fig. 3c ). The distribution of putative post-synaptic membranes of Dm9 cells in the DRA showed 2 4 7 higher intensity in layers M2-M3, slightly more distally when compared to non-DRA columns, where signal was elevated in layer M4(DRep2:GFP; Fig. 3d ). Presynaptic signal in DRA 2 4 9 columns remained elevated from M3 throughout M6 (where it weakened), whereas the signal in 2 5 0 non-DRA columns formed a distinct peak in M3 which was separated from a weaker peak in M6 2 5 1 (Fig 3e) . Finally, using activity-dependent GRASP we observed reconstitution of GFP signals, 2 5 2 both when Dm9 cells were pre-or postsynaptic to photoreceptors, in DRA as well as in non-2 5 3 DRA medulla columns (Fig 3f,g) . It must be noted that all other Dm cell types analyzed showed 2 5 4 no obvious differences between DRA and non-DRA columns (for example Dm4, see To confirm that, like in other insects, polarized light information is transmitted to the appeared to be modality-specific in a ways that we had previously demonstrated for Dm-DRA1 sensitive inputs, while avoiding contacts with non-DRA inputs (summarized in Fig. 7d ). this, we also observed medulla tangential cells (Mt11-like) specifically avoiding DRA columns, these neuromodulators affect navigation behaviors by modulating the underlying circuitry. the mKate signal (bottom). All photoreceptors are labeled using Anti-24B10 (Chaoptin, in grey). 
